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In O’Sadnick et al. (2020), estimations of ice extent along the coast of Norway since 2001 determined from MODIS imagery are 
presented. From our findings, it is evident that the amount of ice in one fjord over time often varies and shows little consistency 
leading to the next question of ‘Why’? The study continues to relate freezing degree days, rainfall plus snowmelt, and snowfall 
to values of ice area to determine if significant correlations exist when fjords are grouped into regions. Six out of the ten regions 
were significantly postiviely correlated to freezing degree days (p < 0.05). Ice area in two regions was positively correlated to 
daily new snowfall, and in one region negatively correlated to rainfall plus snowmelt. Please see the publication for further
description of methods and findings.
The next step is to better understand not only where ice exists but the properties of the ice and, relatedly, what factors lead to ice formation each year. Seven fjords between Narvik and Tromsø, Norway 
have been studied: Beisfjord, Gratangsbotn, Lavangen, Nordkjosbotn, Storfjord, Ramfjord, and Kattfjord. Over three winters spanning 2017 – 2020, measurements of ice thickness, salinity, δ18O, texture, 
and microstructure were gathered. Analysis of these cores ,what they tell us about mechanisms for fjord ice formation and how this relates to ice area throughout Norway is ongoing with some of the 
factors being considered summarized below.
❖ Air temperature
❖ Freshwater flux – rainfall plus snowmelt
❖ Snowfall
❖ River size and distribution
❖ Wind
❖ Ocean currents and tides
❖ Ocean temperature
❖ Size and shape of watershed surrounding fjord
❖ Fjord bathymetry
❖ And?
Figure 1 (right) – a) outline of regions examined in O’Sadnick et al. (2020); b) the Harstad –
Skjervøy region (i) with the seven fjords where measurements were gathered marked; c) Ramfjord
with ice extent in 2017/18 (blue), 2018/19 (green), and 2019/20 (red) marked. Solid line is extent 
on day visited, dashed line is maximum extent determined from from MODIS and Sentinel imagery. 
d) Water depth along fjord, number on horizontal axis corresponds to those on (c). e) Ice extent
since 2001 used in O’Sadnick et al. (2020) and accessed at: https://ndat.no/fjords/ice/
Table 1 (below): Correlation and significance between three variables as summarized in
O’Sadnick et al. (2020) for the Harstad- Skervøy region as a whole and specifically
Sørbotn/Ramfjord. The strongest correlation was to freezing degree days although it did 
not meet the requirement of p < 0.05 to show significance. QA and State QA refers to data 
used in filtering, please see paper for further description.
Figure 2 (below): a) thick sections of cores gathered at six out of the seven fjords between the 2017/18 to the 2019/2020 season with differences in ice microstructure apparent. b) thick sections 
through cross-polarized filters to show ice texture. The three cores gathered in Ramfjord are outlined in green in both. c) Salinity and d18O profiles of each Ramfjord core.
Ice Microstructure: How does pore shape (elongated or 
spherical), size (big or small, density), & connectivity compare?
Ice texture- How much granular ice in comparison to 
congelation ice?
2017/18 2018/19 2019/20
Ice Properties – how do bulk ice salinity 
and δ18O compare and what can this tell 
us about how ice formed and how 
quickly?
Where is the ice? And Why?
How does ice compare in thickness, structure, texture and bulk properties?
What factors must be considered? Where is this work of  use?
❖ Operations along the coast of Norway
❖ Oil spill and emergency response- interaction of oil with different ice types
❖ Movement of boats uneqipped to break through ice
❖ Construction around and across fjords - ex. Bridge across Ramfjord, use of Kattfjord for transport 
of wind turbines
❖ Ice fishing and other local uses – safety and expectations for the future
❖ Fish farming – impact of ice on operations, the ecology of the fjord through time if ice conditions 
change
❖ Broader application to coastal regions outside of Norway where freshwater may impact 





























From above and standing atop – two views of Norwegian fjord ice
O’Sadnick M, Petrich C, Brekke C, Skarðhamar J (2020). Ice extent insub-arctic fjords and coastal areas from 2001 to 2019 analyzed from MODIS imagery. Annals of Glaciology 1–17. https://doi.org/10.1017/aog.2020.34
Acknowledgements: This research is funded by CIRFA partners and the Research Council of Norway (grant number 237906).
Megan O’Sadnick1,2, Chris Petrich1, Camilla Brekke2 and Jofrid Skarðhamar3
1SINTEF Narvik, Narvik, Norway; 2UiT – The Arctic University of Norway, Tromsø, Norway; 3Institute of Marine Research, Tromsø, Norway
